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74
While the inner BRB is very similar the BBB (16), ultrastructural analysis 75 and comparison of the rat BRB and BBB revealed that the endothelial cells forming 76 the inner BRB have a higher density of junctions and vesicles than those forming 77 the BBB (17). Differences in the permeability of the BRB and BBB to some drugs 78 have also been observed (17, 18) . Thus, while the inner BRB and BBB are highly 79 similar, there are strong indications that there may be some unique differences in 80 the structure and functioning of these two barriers
81
A recent report suggested that cilia on endothelial cells lining the brain 82 vasculature were essential for development of the BBB via the sonic hedgehog 83 signaling pathway (4). Additionally, sonic hedgehog signaling has been shown to 84 be involved in the maintenance of retinal endothelial cell tight junctions in culture 85 (19), suggesting that this signaling pathway could potentially play a role in BRB 86 integrity.
87
To determine the role of endothelial cilia and hedgehog signaling in BRB 88 integrity in vivo, we used the Tg(l-fabp:DBP-EGFP;flk1:mCherry) transgenic model 89 of zebrafish BRB development (20) . Zebrafish develop a functional BRB by 3 days 90 post-fertilization (dpf) in their hyaloid vessels. We found that the hyaloid vessels of 91 larval zebrafish possess endothelial cilia, but these cilia are not necessary for early 170 dpf until 7 dpf ( Fig. 2E) . usually resolved by 4 dpf (Fig. S1 ).
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Fig. 3 -Ift mutant fish with ICH maintain an intact BRB
197
Embryos were screened daily for ICH and BRB integrity was assessed at 5 dpf. 
232
Treatment with 1 μM cyclopamine starting at 25 hpf did not affect the BRB,
233
although it resulted in pericardial edema in 97.3% of treated wild type zebrafish 234 larvae by 6 dpf (Fig. 4B ). While treatment with 10 μM cyclopamine starting later in 235 development (5 dpf) rarely resulted in edema/non-perfusion of the hyaloid vessels 236 (Fig. 5B ) in wild-type larvae, the number of fish with edema/non-perfusion was 237 variable in the clutches of ift mutant larvae and their wild-type and heterozygous 238 siblings (Fig. 5C ). Among the clutches without edema/non-perfusion, 10 μM 239 cyclopamine treatment starting at 5 dpf resulted in BRB breakdown in 82.8 ± 8%
240 of wild-type larvae by 7 dpf (Fig. 5A ). No significant difference in the rate of 
277
While higher rates of ICH have been reported in IFT mutant zebrafish (4),
278 developmental ICH was not detected in the majority of clutches screened in this 279 study. Also contrary to the previous report, our IFT mutant fish did not appear to 280 be more sensitized to cyclopamine treatment-induced ICH than their wild-type and 281 heterozygous siblings. These contrasting results may be due to other currently 282 unknown genetic risk factors that vary between the fish stocks used in the 283 respective studies.
284
Sonic hedgehog signaling has been proposed to be involved in establishing 285 vascular integrity in both the brain and the retina (4, 19). While we did not observe 286 an increased incidence of ICH in IFT mutant fish upon treatment with cyclopamine 287 at 25 hpf, later treatment at 5 dpf with higher doses of cyclopamine resulted in BRB 288 breakdown. No differences in the rates of cyclopamine-induced BRB breakdown 289 were detected between IFT mutant larvae and their non-mutant siblings. This 290 indicates that hedgehog signaling is necessary for BRB integrity, though 291 endothelial cilia are not necessary for this process.
